Objectives: To determine the nature of the relationship between mid-upper arm circumference (MUAC) and maximum voluntary contraction (MVC) in pre-and post-harvest seasons among adult Ethiopian farmers. Subjects/Methods: A total of 491 healthy adult men aged 18-60 years were recruited at pre-harvest season and followed up at post-harvest season. Anthropometric measurements (weight, MUAC, biceps/triceps skinfold thickness and forearm circumference) were obtained using standard techniques and arm muscle circumference (AMC)/arm muscle area (AMA) was calculated. MVC of both arms was measured using a handgrip dynamometer. Paired t-test was used to compare means, and linear regression to investigate the relationship between MUAC and MVC. Results: Maximum voluntary contraction showed statistically significant correlation with MUAC. Grip strength (MVC) demonstrated a linear increase from under-nourished to normal subjects across MUAC classes. Paradoxically, mean MVC of both arms declined significantly during the post-harvest season. However, the relationship between MUAC and MVC held tight in the post-harvest season as seen in the pre-harvest period. Conclusions: This study has highlighted that under-nourished adult men have reduced functional ability (strength) in all seasons. In addition, strength increases in a linear fashion as MUAC increases during both seasons. More work examining the relationship between functional ability and anthropometric indices in adults from different developing countries is needed to address use and cutoffs for grip strength.
Introduction
Rural communities in developing countries are critically dependant on their ability to produce food, and most people make their living directly from the land (Brun, 1984; Teokul et al., 1986; Spurr, 1990 ). This ability is determined by a constellation of variables, such as rainfall and other endogenous variables, such as the capacity of household members to perform heavy physical work (Brun, 1984) . For many small farmers, family labour represents the main asset, and any deterioration in physical work capacity of the breadwinners, therefore, potentially disastrous for the whole family and their dependants (Brun, 1984; Teokul et al., 1986) . It has been suggested that if undernutrition undermines adult's capacity to engage in heavy or sustained physical work, it may precipitate the entire household into a downward spiral impoverishment, debilitation and further nutritional compromise (Longhurst and Payne, 1981; Dasgupta, 1997) . In addition, there are wide variations in seasonal food availability and in physical activity in regions where there is only one main crop a year (Teokul et al., 1986) . Studies have shown that people tend to eat more when food is readily available, even if it does not coincide with heavy physical work, and this pattern may be the most efficient way of using the food that is available (Fox, 1953; Tin and Ba, 1985; Dugdale and Payne, 1987) . The result is that nutritional status, measured by body weight and other anthropometric measurements will vary throughout the year (Teokul et al., 1986) .
Climatic seasonality is one environmental factor, which is recognized as being a constraint to agricultural production in rural areas of developing countries (Ferro-Luzzi et al., 1988) . Ethiopia is characterized by moderate climatic seasonality (Ferro-Luzzi, 1990 ) and the majority (80%) of the population (Central Statistics Authority (CSA), 1996) live in rural areas exert themselves physically for long periods of time to meet their own and their families' daily requirement of food, and so on.
Skeletal muscle function indices have been advocated for the assessment of nutritional status (Nicks and Fleishman, 1962; Brozek, 1984) . Changes in muscle function have been shown to be more sensitive to changes in dietary patterns than traditionally measured nutritional variables (Lopes et al., 1982; Russell et al., 1983; Vaz et al., 1996) . Therefore, testing of muscle function, in the form of maximal grip strength, is a simple but useful functional variable that can be used to delineate the undernourished state both at the bedside and in the community, and may form a valuable adjunct to mid-upper arm circumference (MUAC) and/or body mass index (BMI) (Vaz et al., 1996) .
Research done to date indicates that studies about grip strength, as an indicator of functional ability, in adults from developing countries are scarce. Moreover, studies that assessed grip strength in Ethiopia and studies examining seasonal changes in grip strength with or without anthropometry are very few. The presence of all the above conditions laid favourable ground for this study, which aimed (a) to assess the seasonal changes in anthropometry and maximum voluntary contraction (MVC) in Ethiopian farmers, (b) to assess which anthropometric parameters are best related to MVC in the study populationand and (c) to assess if seasonal changes in MVC can be explained by the changes in anthropometry.
Study subjects and methods
The study used a longitudinal design. Healthy adult men who met the selection criteria, living in rural areas of Jimma zone (reference population), Ethiopia, were identified and followed up for a period of 6 months. Data on demographic and socioeconomic characteristics were collected at the time of entry, through an interview using a standardized questionnaire.
The study population was adult men between 18 and 59 years of age.
Inclusion criteria: All adult men aged 18-59 years, who are usual residents (living 412 months) in the study villages and gave informed consent were included.
Exclusion criteria: All female subjects (due to the assessment of immune status using skin multitest and complications of pregnancy), adults with overt illness at the time of entry, disabled people and those who are not usual residents (o12 months) of the study villages were excluded.
In the study area, the major rainy season starts in MarchApril and ends in May-July, followed by a short dry season and by a second rainy season, variably occurring between September and November. A longer dry season generally takes place between December and February. Agriculture technology was on the whole rather primitive, with virtually no or very little use of animals and only basic working tools. Coffee is harvested between November and January and land preparation is carried out between January and March and weeding between May and August ( Figure 1 ).
Measurements
Anthropometry All adult men of 18-59 years of age living in the study villages underwent anthropometric assessment at both pre-and post-harvest season surveys. All measurements were performed by two trained fieldworkers.
Weight was measured using Soehnle digital batteryoperated scale. All adult men were measured with minimal clothing using standard procedures (Weiner and Lourie, 1981 ) and recorded to the nearest 100 g.
Mid-upper arm circumference was measured on the left arm of study subjects using a simple tape measure. The midpoint between the olecranon and acromion processes of the left arm was identified and MUAC was estimated using standard procedures. Measurements were recorded to the nearest 0.1 cm.
Forearm circumference: The maximal forearm circumference (FAMC) of both left and right arms of study subjects was measured using a simple tape measure. FAMC was estimated at the biggest point between the wrist and elbow joints using standard procedures. Measurement findings were recorded to the nearest 0.1 cm. Figure 1 Harvest, physical activity and climate of study area, and schedule of measurements during pre-and post-harvest period.
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Biceps and triceps skinfold thickness: Both were measured on the left arm of the study subjects using Holtain skinfold caliper. The principal investigator performed biceps and triceps skinfold measurements using standard procedures at the front and back of the marked midpoint on the left upper arm, respectively, and recorded to the nearest 0.2 mm.
Functional status assessment:grip strength or MVC The maximal voluntary contraction of both dominant and non-dominant arms was measured using a Harpenden handgrip dynamometer. On each arm, three measurements were taken at intervals of at least 1 min using standard procedures (Lopes et al., 1982; Vaz et al., 1996) . The highest of the three measurements was taken as MVC and recorded to the nearest 0.1 kg force. The within-subject coefficient of variation, for pre-and post-harvest seasons, was estimated to be 3.8 and 4.1%, respectively. Comparison of means of anthropometry and MVC of the pre-harvest and post-harvest seasons was carried out using paired t-test. To establish the relationship between MUAC and MVC, a simple linear regression was used for both preand post-harvest periods. Quality control was implemented before, during and after actual data collection, through rigorous training and daily calibration of measuring instruments by the principal investigator.
Analysis and quality control

Ethical approval
Ethical clearance was obtained from the London School of Hygiene, and Tropical Medicine,UK, and the Research and Publication Office of Jimma University, Ethiopia. Each study subject was presented with an information and consent form at both the pre-and post-harvest season surveys. For illiterate study subjects, information was administered verbally and subjects were enrolled after informed consent.
Results
Anthropometric and functional ability indices in adult undernutrition
The distribution of means of anthropometric measurements and derived indices across MUAC classes demonstrated a highly significant (Po0.001) reduction in a linear fashion from normal (MUAC X23.0 cm) across to the extremely wasted group (MUAC o16.9 cm). As shown in Table 1 
Seasonal variations in the classification of undernutrition and functional ability
Comparisons were made to examine if there was any significant difference in the proportion classified as undernourished (MUAC) during the pre-and the post-harvest seasons using ks statistical test. Based on MUAC classification, out of the three subjects classified as extremely wasted at pre-harvest, two improved, even though none reached normal values (X23.0 cm) at post-harvest. Out of the 25 subjects classified as severely wasted (16.9-19.9 cm) at preharvest, 12% were classified as normal (X23.0 cm), 64% as mildly wasted (20.0-22.9 cm), while the rest 24% remained the same at post-harvest season. A total of 56.2% of the subjects classified as mildly wasted (20.0-22.9 cm) at preharvest were similarly classified at post-harvest, while 42.6% improved to normal (X23.0 cm) and one subject deteriorated to severe wasting (16.9-19.9 cm) at post-harvest period. From 184 subjects classified as normally nourished (X23.0 cm) at pre-harvest, the majority (85.9%) remained the same, while few (14.1%) were found to be mildly wasted in the post-harvest season.
Comparison of pre-and post-harvest means of anthropometric measurements, derived indices and functional ability indices was carried out to examine the influence of seasons on these variables. As shown in Table 2 , paired t-test analysis revealed that mean weight of study subjects increased by over 4 kg (t ¼ 25.6, Po0.0005) in the post-harvest season, while mean MUAC (t ¼ 5.9, Po0.0005) and mean BSKF (t ¼ 15.1, Po0.0005) increased by 0.5 cm and 0.5 mm, respectively. A change of 0.14 mm in mean triceps skinfold thickness at post-harvest was moderately significant (t ¼ 2.5, Po0.05). Paradoxically, the mean MVC of both the right and left sides reduced from 30.3 to 27.8 kg force and 29.2 to 26.7 kg force for the right and left side, respectively.
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In Table 3 , comparison of the correlation matrix (r 2 ) of MUAC with other anthropometric measurements, derived indices and functional ability indices at the pre-and postharvest seasons was made to examine whether the relationships changed over the seasons. The correlation between MUAC and anthropometric measurements shows that most r 2 -values were considerably reduced at post-harvest period. Interestingly, AMC and AMA were highly correlated (r 2 ¼ 0.96) and similar at both pre-and post-harvest seasons.
MUAC demonstrated better correlation with functional ability indices than BMI did. Right and left grip strengths, which were moderately correlated at pre-harvest, showed a marked decrease at post-harvest. The pre-and post-harvest season correlation matrix (r 2 ) of LMVC and RMVC with anthropometric measurements and derived indices is depicted in Table 4 . It can be observed that the correlation levels (r 2 ) of most anthropometric indices reduced at post-harvest. For both MVCs, the strength of the correlation with weight and MUAC reduced from moderate to weak over the season. In addition, the correlation with biceps and triceps skinfolds markedly declined with nonsignificant relationship at post-harvest period. 
This study has found that anthropometric measurements increased in the post-harvest season while MVCs decreased. Did the relationship between MVC and MUAC change because of this in post-harvest? The analysis examining the relationship between MVC and MUAC during both seasons revealed that despite the reduction in MVC in the postharvest, the relationship between MVC and MUAC remained intact and parallel. Results of analysis of covariance performed to examine the relationship between MUAC and functional ability (MVC) after controlling for potential confounders are shown in Table 5 . The MUAC: MVC correlation coefficients reduced but remained modestly significant when controlling for some variables, except for right forearm circumference at pre-harvest. 
Discussion
Comparison of findings of studies in developing countries indicated that the mean MVCs of both sides, for wellnourished and under-nourished Indian adults (Vaz et al., 1996) , were higher than our findings during both seasons. Still, the eight chronically energy deficient (CED) Indian subjects performed better MVCs than the well-nourished (418.5 kg m
À2
) and under-nourished Ethiopian (Jimma) adults. This might be due to the higher muscle mass (indicated by their MUAC and corrected arm muscle area (CAMA)) of well-nourished and under-nourished Indian farmers than the Jimma adults we studied (Table 1) . These variations in strength might be due to the differences in study subjects since the well-nourished and under-weight Indian adults studied were staff and students of a Medical College.
An earlier study carried out in Nigeria (Harries, 1985) reported high mean levels of AMC, AMA and grip strength in adults aged 18-64 years. This study also included healthy hospital employees, including doctors, nurses, medical students, and so on, and this might account for the higher levels of measurements reported. In addition, the Nigerian study (Harries, 1985) also assessed 148 patients (with tuberculosis, hypertension, chronic heart disease, pneumonia and chronic liver disease) of which 98 were men (mean age 29 years). Surprisingly, the mean AMC, AMA and grip strength of these male patients were a little smaller but closer to our findings (Table 1) . This indicates that Jimma farmers have relatively very low levels of strength compared to adults from the developing world.
In the present study, trend analysis indicated that the changes in muscle strength (MVC) of both arms across each MUAC class (4.8 kg) were more pronounced than those seen in BMI during both pre-and post-harvest seasons. Forearm muscle circumferences also demonstrated a 1.6 cm linear increase across MUAC (Table 1) .
Our findings indicate MUAC, FAMC and AMC seem to be more related to MVC than BMI (Table 3) . Our findings are also in line with previous reports, which indicated that changes in arm circumference reflect more accurately the increase or decrease of tissue 'reserves' of energy and protein than body weight per se (Heymsfield et al., 1984; WHO, 1995) . It has also been stated that by calculating mid-AMC a more reliable fraction of lean tissue can be obtained (WHO, 1995) . Studies that examined the usefulness of MUAC in identifying CED in place of BMI in adults from developing countries (Ferro-Luzzi and James, 1996; James and Francois, 1994) reported an overall correlation of r of 0.79 (ranges: 0.63-0.90). The remarkably high correlation between MUAC and AMC, and MVAC and AMA (r 2 ¼ 0.96, Po0.001) during both seasons indicates that Jimma adults have low levels of fat (Table 3) . The finding that grip strength (MVC) is significantly related to anthropometric indices shown in this study (Table 4) in agreement with previous reports (Harries, 1985; Vaz et al., 1996) . MVC was more strongly correlated with MUAC and FAMC than BMI. This supports the hypothesis that limb circumferences and muscle areas are much more sensitive to hand grip strength than other anthropometric indices related to fatness, including BMI (Martin et al., 1990) . It is now known that BMI has become the anthropometric index of choice in nutritional status assessment of adults. This is because of the fact that it is closely correlated with fat-free mass and fat content when controlled for sex and age and is also independent of stature (Norgan 1990 (Norgan , 1994 Shetty and James, 1994) . Very low BMI will hence be characterized by low fat-free mass and low fat mass (Norgan, 1990) . On the other hand, the meaning of low BMI in terms of muscle mass and function is not well documented. Research in this area has mainly been focusing on determining fat proportions in obesity among Caucasians (Chumlea et al., 1986; Deurenberg et al., 1986) .
This study has also demonstrated that all anthropometric indices were significantly correlated with MVC during both seasons, except biceps and triceps skinfolds at post-harvest (Table 4 ). The linear trend present is more pronounced for limb circumferences (MUAC, FAMC, AMC and AMA). This confirms previous reports, which proposed that circumference measurements are thought to be more sensitive indirect measures of peripheral muscle and adipose tissue wasting Seasonal variations in MUAC and grip strength F Lemma and P Shetty (James and Francois, 1994; Ferro-Luzzi and James, 1996) . It might, therefore, be more appropriate to look into the changes in limb circumference, such as MUAC and FAMC as a measure of declining muscle mass in extremities than by declining BMI, which reflects overall lean mass, particularly in adults from this part of the world. Overall, the assessment of muscle strength and function (MVC) together with MUAC might prove to be useful in determining (the severity of) undernutrition in adults in similar settings. Therefore, more work needs to be done in this area since sufficient data is lacking. Even though MUAC and FAMC reflect muscle mass better, there still remains one problem-is muscle mass estimation equal to muscle strength? It has been stated that measurement of strength is the external effect of the internal muscle effort, modified by the mechanical advantages of the body parts involved and psychological factors, such as motivation, feedback, acquaintance with the equipment as well as frequency and intensity of its habitual use. Thus, the quantitative amount of muscle is only one factor. While strength losses are partially explained by declining muscle mass, there remains another yet undetermined factor(s) beyond declining muscle mass to explain the loss of strength (Kallman et al., 1990) . At any age, strength is directly determined by the amount of muscle mass (FronteraIzquierdo et al., 1991; WHO, 1995) . It is generally accepted that the maximum force that can be generated by a muscle like biceps brachii is directly proportional to the crosssectional area of the contractile protein (Pearson et al., 1985) .
In general, the reduction of mean MVCs of both arms, despite the significant increment in anthropometric indices in the post-harvest season found in the present study (Table 2 ) is difficult to explain. From observations of the study population, area and existing literature, this might be due to the lack of strenuous physical activity in the postharvest, resulting in a 'detraining effect', with reduction in muscle strength and size (Scott et al., 2002) . We believe that more research on (seasonal variation in) grip strength in adults will be useful to address such issues.
